In a case-control study of childhood leukemia in relation to exposure to power-frequency electric and magnetic fields (EMF), 399 children resident in five Canadian provinces who were diagnosed at ages 0-14 years between 1990 and 1994 (June 1995 in British Columbia and Quebec) were enrolled, along with 399 controls. Exposure assessment included 48-hour personal EMF measurement, wire coding and magnetic field measurements for subjects' residences from conception to diagnosis/reference date, and a 24-hour magnetic field bedroom measurement. Personal magnetic fields were not related to risk of leukemia (adjusted odds ratio (OR) = 0.95, p for trend = 0.73) or acute lymphatic leukemia (OR = 0.93, p for trend = 0.64). There were no clear associations with predicted magnetic field exposure 2 years before the diagnosis/reference date or over the subject's lifetime or with personal electric field exposure. A statistically nonsignificant elevated risk of acute lymphatic leukemia was observed with very high wiring configurations among residences of subjects 2 years before the diagnosis/reference date (OR = 1.72 compared with underground wiring, 95% confidence interval 0.54-5.45). These results provide little support for a relation between power-frequency EMF exposure and risk of childhood leukemia. Am J
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case-control studies; child; electromagnetic fields; environmental exposure; leukemia Leukemia is the most common form of childhood cancer; in Canada, approximately one of every 6,400 children is diagnosed with leukemia before the age of 15 years (1). The etiology of childhood leukemia is not well understood, and several epidemiologic studies have suggested that children exposed to powerfrequency electric and magnetic fields (EMF) may be at increased risk of this cancer.
In 1979, a study by Wertheimer and Leeper (2) found a two-to threefold excess of cancer mortality among children living in homes with presumed higher magnetic fields, as indicated by local power line configurations (wire codes). Further investigations have reported conflicting results. Although the relation between childhood leukemia risk and wire codes has been replicated in some subsequent studies (3, 4) and a relation with estimated historical EMF has been shown in a Swedish study using utility load data (5), other studies have not found a relation (6, 7) , and no studies have reported a statistically significant relation between measured magnetic fields and risk of childhood cancer (3) (4) (5) (7) (8) (9) . Methodological limitations in a number of early studies included problems in control selection and subject participation, lack of consideration of other possible risk factors, and difficulties in exposure assessment (10) (11) (12) (13) (14) . There is also a lack of laboratory evidence or a plausible biologic mechanism in support of a risk relation (10, 15) .
In this paper, we report results from a case-control study of the possible association between exposure to power-frequency EMF and the development of leukemia in childhood. The study was conducted in selected areas of five Canadian provinces. This investigation utilized personal exposure assessment and modeling of historical exposure using multiple magnetic field measures to evaluate risk in a study group ascertained prospectively from population-based sources.
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MATERIALS AND METHODS

Subject recruitment
Cases. Children diagnosed with leukemia at ages 0-14 years between January 1, 1990, and December 31, 1994 (June 30, 1995, in British Columbia and Quebec) and resident in census tracts within 100 km of the principal cities of British Columbia, Alberta, Saskatchewan, Manitoba, and Quebec were ascertained through pediatric oncology treatment centers in each province and population-based cancer registries in each province except Quebec. These areas were chosen for reasons of feasibility of the in-home interviews and EMF assessments, as well as to include participants from both urban and rural areas. The first year's ascertainment was retrospective; thereafter, cases were approached at diagnosis. Interpreters were used when the subject's family spoke neither English nor French. Cases who had Down's syndrome, a genetic condition associated with an excess risk of leukemia, were excluded. All diagnoses were verified through receipt of hematology and pathology reports, and residential eligibility was verified at the time of contact with the subject. Four of the 449 cases identified could not be located.
Controls.
For each case who agreed to participate, an age-, area-, and sex-matched control child was selected at random from provincially based government health insurance rolls. In Quebec, family allowance rolls were also used for the first 2 years of the study. An address was provided at the time of selection; however, the time of residence was not specified. Therefore, verification that the potential control resided at an eligible address at the diagnosis date of the matched case could be established only for those contacted.
Initial contact for potential controls was by letter, with telephone follow-up. If a potential control could not be contacted after a minimum of five attempts or declined to participate, another potential control was selected. For children diagnosed at age 2 years or older, a child of the same sex with a birth date within 6 months of that of the case and living in the same geographic area as the case at the time of diagnosis was accepted as a control. For children who were diagnosed before the age of 2 years, the control required a birth date within 3 months of the case's. The diagnosis date of the case was taken as the reference date of the matched control for the EMF exposure assessment and interview. Of the 675 potential controls identified, 149 could not be contacted for verification of their address at the time of the diagnosis of the matched case; 526 were contacted for participation in the study.
Data collection
EMF exposure assessment. EMF exposure assessment consisted of a personal 48-hour magnetic and electric field exposure measurement using a Positron EMF meter (Positron, Inc., Montreal, Quebec, Canada) worn in a small backpack and a 24-hour EMF measurement of the child's bedroom (if it was the same bedroom as that used at the diagnosis/reference date), using the Positron meter. (Information on the use of electric blankets and electric heating was also collected but is not reported here.) Additionally, for residences of the mother from 1 year before the birth of the subject to the time of birth and for residences of the child from birth to the diagnosis/reference date, local power line characteristics were recorded, and magnetic field measurements of the residence perimeter and front door were taken using an Emdex-C magnetic field meter (Electric Field Measurements, West Stockbridge, Massachusetts).
The personal EMF monitoring and 24-hour bedroom measurements were overseen by trained interviewers who visited the subject's home. Personal monitoring was conducted only when the child was well and living in the same residence as at the diagnosis/reference date. At the time of the visit, a Positron EMF meter was left with the family, with instructions and a demonstration on its use. Parents were asked to complete an activity diary of the times and locations of their child's activities during the 48-hour period in which the child wore the meter. They also completed a "recall" diary of the estimated proportion of time the child spent in the same locations 2 years before the diagnosis/reference date. For the 24-hour bedroom measurement, they were asked to position the meter in a predefined location in the child's bedroom (if it was the same bedroom the child slept in 2 years before the diagnosis/reference date). Meter results were checked for validity after every measurement and calibrated at every amplitude range three times over the data collection period, using facilities at the British Columbia Hydro Authority and Hydro Quebec.
Local power line characteristics and perimeter measurements of residences were collected by a team of electrical engineers and industrial hygienists independently of the interviewers; the team was blinded as to the case-control status of the residences. Wire coding was conducted following the protocols used by Wertheimer and Leeper (2) and Kaune and Savitz (16) . The perimeter magnetic field measurement protocol consisted of a walk around the dwelling, with measurements taken at the front door, at the four corners, and at specified intervals on each side of the house. To verify consistency, approximately 10 percent of the wire coding was repeated by another assessor. For apartment blocks where the residence apartment was greater than four stories above ground level, wire coding and perimeter measurements were not considered to reflect accurately the EMF environment of the apartment itself, and therefore no assessment was done for these dwellings.
Other possible risk factors. During the home visit when EMF measurements were obtained, parents were interviewed, using a standardized questionnaire, about their family history of cancer and other selected medical conditions; parental occupational and recreational exposures; pregnancy information; childhood exposure to ionizing radiation, infections, chemicals, and medications; and socioeconomic variables. Where possible, interviews were conducted with both parents together. Interviewers were not informed of the child's case-control status; however, blinding cannot be assumed, because interviewers may have become aware of the status of the child during the interview.
Statistical analysis
Risks of all types of leukemia and of acute lymphatic leukemia alone were examined using the following indices of exposure: a 48-hour personal measure of 60-Hz magnetic and electric fields taken as soon as possible after diagnosis or the equivalent date in controls; summary models of historical exposure to powerfrequency magnetic fields; and categories of exposure as assessed by wire coding. Risk estimates were adjusted for other exposures and characteristics that could potentially affect the risk of leukemia.
Since the Positron meter records readings within an amplitude range rather than an exact measurement, the mean 48-hour personal magnetic and electric field exposures were calculated by weighting the range's average amplitude by the time spent in that range over the period.
Personal exposure measurements were related to outside temperatures at the time of measurement, probably because of electric heating and air conditioning in buildings. A temperature correction, derived from a regression model using regional temperature data obtained from Environment Canada, was therefore used to make personal measurements better indicators of each child's average exposure over a year. This was a minor refinement, witfi corrected and uncorrected exposures correlated at r = 0.98.
Subjects' personal exposure in previous residences was predicted from perimeter measurements and observations of wiring configuration at these residences in order to construct historical summaries. This was done using a prediction model by regression analysis of complete data from current residences. The model predicted exposure from mean perimeter measurements and the presence of wiring fixed to the roof (a characteristic of some dwellings in Quebec). The accuracy of predictions based on the model can be assessed by their correlation with personal measurements for residences with both sets of measures. The correlation on the log scale was 0.67, and on the original scale it was 0.53. The rank correlation was 0.67. The model-predicted exposures for previous residences were combined with direct measurements (for the amount of time the child resided in those residences) to obtain a lifetime average exposure.
The investigation of leukemia risk in relation to the indices of exposure to EMF followed standard methods for case-control studies (17) . Analysis was conducted by logistic regression, conditional on strata formed by the following matching factors: province, sex, and age (<1.5, 1.5-4, 5-9, and 10-14 years). This was preferred to pair-matched analyses because it was more efficient (avoiding loss of information due to discarding subjects paired to a subject with missing data), while still controlling for bias that would result if matching were ignored. Continuous explanatory variables were divided into groups at the 50th, 75th, and 90th percentiles among the cases and controls combined. In addition, subjects were grouped according to cutpoints used in previous studies. Exposure was also modeled directly as a continuous variable to estimate the trend in risk with exposure. In addition, odds ratios were calculated for continuous exposure variables per 0.2-|aT (or 20-V/m) increase.
In the absence of clearly established environmental risk factors for leukemia other than ionizing radiation (18) , socioeconomic variables and non-EMF factors significantly related to risk in this cohort, with evidence of an exposure-response relation, were controlled for in the EMF-leukemia analyses.
RESULTS
Response
There were 399 participants (90 percent) of the 445 eligible childhood leukemia cases contacted, along with 399 controls matched for age, sex, and area of residence at the date of diagnosis of the case (76 percent of the 526 eligible controls contacted) (table 1) .
Interviews were completed for all participants. Bedroom measurements were available for 75 percent of the cases and 86 percent of the controls. Valid personal EMF measurements were obtained for 73 percent of participating cases and 85 percent of controls. Bedroom and personal EMF measurements were not obtained if the subject had moved since the diagnosis/reference date. Other reasons for not obtaining a measurement were refusal or death of the subject and * Residences where subject lived for a minimum amount of time. t Residence was an apartment block with subject's apartment less than five stories above the ground and/or with fewer than four surtes/floor. monitor malfunction. Of the participants with personal measurements completed, 77 percent were at least 75 percent complete (i.e., they had at least 75 percent of the time period allocated to a specific location), and 51 percent were at least 90 percent complete.
A residence was eligible for EMF assessment if the participant had lived there for a minimum amount of time (table 1) , based on the proportion of the total time to diagnosis/reference date. For children with a diagnosis/reference date at or after 3 years of age, the minimum duration was 6 months. For children with a diagnosis/reference date before 3 years of age, the minimum was 3 months. The corresponding minimum duration during the mother's pregnancy was 3 months for children diagnosed at 3 years and over and 1 month for children diagnosed before age 3. Wire coding was carried out for 740 (78 percent) of the eligible case residences and 673 (85 percent) of the control residences in the study area. Perimeter measurements, including a front door measurement, were obtained for 611 (64 percent) of the eligible case residences and 586 (74 percent) of the control residences in the study area.
Description of study participants
As expected, most of the cases had acute lymphocytic leukemia (88 percent); the rest had acute myelocytic leukemia (10 percent) or other subtypes (2 percent). By design, the distributions of cases and controls by sex and age group were similar. The effects of demographic and socioeconomic variables were assessed (table 2), and after backwards stepwise regression, only maternal age, ethnicity, mobility, and residence type were independent predictors of risk. After elimination of highly correlated variables, risk estimates according to EMF exposure were adjusted for maternal age at the birth of the subject, maternal education, household income, ethnicity, and number of residences inhabited since birth. Residence type (single family detached, apartment, townhouse, multiplex dwelling) was a strong predictor of magnetic field strength; to avoid loss of statistical power, we did not adjust for it in most analyses.
Description of EMF measures
Arithmetic means of location-specific field measurements for wire code categories are shown in table 3. All measurements show a statistically significant increase with increasing wire code category (p < 0.001).
Measures of risk
The risk of childhood leukemia according to personal EMF exposure, historical predicted magnetic field exposure, and wire coding of the power lines is presented in tables 4-7.
There was little association of risk for leukemia with the 48-hour time-weighted average temperature-Childhood Leukemia and Electromagnetic Reids 835 corrected personal magnetic field measure (table 4), whether considered in groups divided at the 50th, 75th, and 90th percentiles, using a cutpoint of 0.2 u,T, or evaluated as a continuous variable (per 0.2-nT incremental rise in field: odds ratio (OR) = 0.95, 95 percent confidence interval (CI) 0.72-1.26). The corresponding risk estimates uncorrected for temperature showed similar results (results not shown). The same index divided into six groups, with cutpoints of 0.1, 0.2, 0.3, 0.4, and 0.5 (iT, also showed little association with increasing exposure. Children with high exposures (£90th percentile or >0.5 \lT) had adjusted odds ratios less than 1. Further adjustment for residence type changed the odds ratios only slightly. Restricting the analysis to subjects living in the same residence at least 2 years before the diagnosis/reference date changed the overall results little, although the odds ratio for exposures above 0.2 |iT increased somewhat (per 0.2-n.T increment: OR = 1.64, 95 percent CI 0.89-3.00) (results not shown). There was a small but not statistically significant trend with increasing exposure (per 0.2-io.T increment: OR = 1.27, 95 percent CI 0.88-1.85) (results not shown). Analyses were also carried out for leukemia risk by various components of the 48-hour personal exposure measurements (bedroom only, all measurements while the meter was worn at home) and by the geometric mean of the personal measurements (calculated only for the bedroom component). These analyses provided no evidence for associations of risk with these exposure measures (results not shown).
The adjusted odds ratios for a "best" estimate of personal magnetic field exposure 2 years before the diagnosis/reference date (table 4), which used the 48-hour time-weighted average personal magnetic field measure if the child lived in the same residence and an estimate predicted from outside measurements otherwise, were close to unity. The personal magnetic field exposure 2 years before that was predicted from outside measurements also showed no relation with leukemia risk (results not shown). To determine whether magnetic field exposure affected cancer risk at the time of conception, we predicted personal magnetic field exposure for the start of the mother's pregnancy with the index child. No excess risk was found (continuous variable: OR = 1.27, 95 percent CI 0.63-2.56) (results not shown). Estimates of average lifetime magnetic field exposure (table 4) showed no more evidence for an association with leukemia risk than did the other measures. Analyses conducted according to estimates of the lifetime average using entirely predicted exposure and using perimeter means also produced negative findings (results not shown).
The risk of childhood leukemia according to magnetic field exposure based on several alternative measures was assessed. Mean 24-hour bedroom exposure showed little association with the risk of childhood leukemia by group (exposure £90th percentile: OR = 1.27, 95 percent CI 0.69-2.33) (results not shown). Magnetic field exposure measured at the front doors of residences was also not significantly associated with the risk of leukemia, although a higher risk was seen in the highest exposure group (exposure >90th percentile: OR = 1.59, 95 percent CI 0.86-2.93) (results not shown). Analysis of the continuous variable, however, resulted in a perincrement odds ratio of 1.00 (95 percent CI 0.77-1.30). The average of the perimeter measurements, a more comprehensive measure of the overall outside magnetic field level of the residence, also did not demonstrate an overall association with leukemia risk. Again, a slightly higher risk was seen in the highest exposure group (exposure >90th percentile: OR = 1.37, 95 percent CI Alternative summaries of perimeter means (corrected for temperature, without outlier deletion, using the geometric mean) were strongly correlated with the summary shown and gave similar odds ratios, at least for the four-group and continuous analyses. The analysis most suggestive of an association was that for Am J Epidemiol Vol. 149, No. 9, 1999 geometric mean dichotomized at 0.2 uT (OR = 1.80, 95 percent CI 1.00-3.22), but the four-group and continuous (per 0.2-JJ.T increment: OR = 1.10, 95 percent CI 0.82-1.47) analyses of the same index were much less positive.
The risk of leukemia according to the WertheimerLeeper wire coding, with homes with underground wiring used as the reference group, is presented in table 5. The odds ratio for the highest category (very high current configuration) was slightly above 1.0, although statistically there was no evidence for a trend in risk with increasing wire code categories. When risk was adjusted for type of residence, the odds ratios for the very low, ordinary low, and ordinary high current configuration wire code categories remained very close to unity, and the risk for homes categorized as having very high current configuration remained slightly elevated (data not presented). Kaune-Savitz wire coding (table 5) also did not appear to be related to leukemia risk, and no trend in risk was seen. Wertheimer-Leeper wiring classification in the residence 2 years before the diagnosis/ reference date showed little association with leukemia risk (table 5) .
The subset of participants with acute lymphocytic leukemia showed similar results (table 6). For those subjects with acute lymphocytic leukemia who were living in the same residence at least 2 years before the diagnosis/reference date, the odds ratio was not significantly different from unity (results not shown). For the subset of children with acute lymphatic leukemia, the leukemia risk according to wire code of the residence at the diagnosis/reference date was similar to that for all leukemias (table 6). The risk according to the wire code of the residence 2 years before the diagnosis/reference date (table 6) was elevated for the very high current configuration category, but no trend in risk was detected because of small numbers.
Although the study was not designed specifically to test the risk according to distance to high power transmission lines, our exposure data allowed for identification of houses located within 100 m of transmission lines of 50 kV or more. There were seven case children (all with acute lymphatic leukemia) and four control children living within 50 m of a line and 14 cases (13 with acute lymphatic leukemia) and seven controls living within 100 m of a line. Confounder-adjusted odds ratios for children living within 100 m or 50 m of a line were elevated (all types of leukemia: OR = 1.81, 95 percent CI 0.70-4.70; acute lymphatic leukemia: OR = 1.99, 95 percent CI 0.74-5.32) but were imprecise and not statistically significant. The odds ratios for children living within 50 m of a line were also elevated but lower (ORs = 1.31 and 1.65, respectively).
The risk of leukemia was also assessed according to 48-hour personal electric field exposure. The risk esti- • OR, odds ratio; Cl, confidence interval. t Adjusted for maternal age at birth of subject, maternal education, household Income, ethnicity, and number of residences since birth.
mates were close to unity for all categories of electric field exposure, and no trend in risk was seen with increasing levels of exposure (table 7) .
DISCUSSION
This study examined power-frequency EMF exposure and risk of childhood leukemia using personal exposure assessment of a large, prospectively ascertained group of subjects.
The results show little indication of an increased risk of childhood leukemia either from magnetic or electric fields or from residential power line configurations. The study was designed to detect odds ratios as low as 1.6 at 80 percent power for a study population of 405 leukemia cases, with 14 percent of controls exposed to magnetic field levels above 0.2 \lT. In fact, 15 percent of the controls had magnetic field levels in this range.
As much as possible, population-based sources were used to identify both cases and controls. The public health system in Canada, administered provincially, funds cancer registries, acute-care hospitals, cancer treatment centers, hematology and pathology laboratories, and population-based health insurance. The cancer registries use multiple sources of notification, including hematology and pathology laboratories, cancer treatment centers, and provincial death certificate data, as sources of cases. The age and sex distributions of the participants were very similar to those among the total incident leukemia cases diagnosed in Canada from 1985 to 1992 (19) .
The mainly prospective ascertainment of cases for the study meant that delay between the diagnosis/ reference date and the interview was minimized (median interval, 236 days for cases and 299 days for controls, including retrospectively ascertained subjects for 1990), thereby reducing loss to follow-up. The interval was longer for controls because a potential matching control was identified only after a case had been ascertained. .27
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• OR, odds ratio; Cl, confidence interval. t Adjusted for maternal age at birth of subject, maternal education, household income, ethnicity, and number of residences since birth.
The provincial health insurance plans and family allowance rolls used for control selection are both unbiased and representative files of the overall population and are available to everyone with at least 3 months' residence in the province. Insurance premiums for most workers are paid jointly by employer and employee, and coverage for unemployed and lowincome groups is free or heavily subsidized. The coverage of these plans is estimated to be virtually complete. The family allowance rolls in Quebec are used to distribute monthly subsidy checks to families of all resident children; again, coverage is estimated to be virtually complete. The health plan subscriber rolls are based on individuals, allowing for direct identification of potentially eligible subjects.
The prospective design of the study meant that the search for a control could start only after the case was known. Furthermore, the controls' addresses as provided by the government agencies were not always as current as the addresses provided for the cases. This explains in part the elevated number of untraceable children among controls.
Interview data on a large number of variables pertaining to the main hypotheses of leukemia causation were available on all participants, allowing for adjustment for many potential risk factors and confounders. Our cases had a lower overall socioeconomic status (as measured by parental income and education) than did our controls, which is consistent with the possibility that controls with lower socioeconomic status were less likely to participate; however, this association was not significant after adjustment for maternal age, ethnicity, and mobility. Although traffic density has been evaluated in studies by Wertheimer and Leeper (2), Savitz et al. (3) , and London et al. (4) , traffic data were not available for this analysis.
The mobility of the cases was higher than that of the controls, as was seen in the earlier investigation by Savitz et al. (3) but not in the study by Linet et al. (7) . Possible explanations include a selection bias whereby recently moved or more mobile children may not have been accessible as controls, or a true association between leukemia and mobility. A possible alternative explanation for the observed higher mobility among cases is that mobility is a marker for a factor that may be related to the "population mixing" associated with higher childhood leukemia incidence that has been observed by Kinlen (20) . Whichever explanation is correct, this association is unlikely to have biased results for EMF when controlled for mobility, and our results were not substantially different when mobility was controlled for in the analysis.
In this investigation, personal measurements were used in order to determine individual EMF exposure from all sources, and exposure models were developed to estimate long term and lifetime EMF exposure. Exposure in the period 2 years before diagnosis was examined specifically on the assumption that it might be the most biologically relevant.
The EMF exposure assessment protocol included multiple EMF measurements, which would have introduced variability into our exposure estimates. Since controls were identified after their cases, the delay between diagnosis/reference date and exposure measurement was longer for controls, and residential measurements were carried out by two different teams and at a different time from the personal measurements. Temporal variation in exposure assessment would lead to nondifferential misclassification, which would have biased risk estimates toward the null (OR = 1). It was observed (21) that outside temperature at the time of measurements was a predicting factor of the level of EMF. To minimize the consequences of the measurement variability, our results were corrected for outside temperature.
Personal exposure measurements were obtained as soon as possible after the diagnosis/reference date, while ensuring that the child was back to normal activities. These measures included all locations the child visited during the measurement period; they would, however, be expected to vary over time (both short term and long term). Personal exposure measurements would be expected to be the best indicator of exposure immediately before diagnosis and a less valid indicator for past exposure. However, our analyses of determinants of personal exposure show that age is a very weak determinant of exposure (for children of all ages, it is exposure inside the home that contributes most to overall exposure), suggesting that personal measurements may be used as an indicator of a child's exposure for all of the time that the child lived in the residence. Thus, our preferred measures of exposure history used personal measures for all of this time and prediction based on location-specific (perimeter) measures only to estimate exposure in previous residences. Such measurements were available for most previous residences.
Although the personal exposure measurement protocol required that case children had returned to normal activities at the time of exposure measurements, a reasonable concern is that in fact case children's activities would be somewhat different from their activities before diagnosis of leukemia. This would lead to differential misclassification of exposure if the activity changes caused changes in exposure. We examined this possibility by comparing, in cases and controls, the activity patterns at the time of personal exposure measurement with those 2 years before diagnosis. We did indeed find that, relative to the controls, the cases spent more time at home and less time at school/day care after the diagnosis than 2 years before. However, these activities accounted for just 3 percent of total time, so that the change in exposure caused by it will have been minimal.
In contrast to Linet et al. (7), we did not see a tendency for the risk estimate to be higher with timeweighted 48-hour personal exposure levels of 0.3 JJ.T or more, either for all leukemias combined or for the acute lymphatic leukemia subgroup, whether or not we restricted the analysis to those with stable residences. The adjusted odds ratio in our study for exposures >0.5 \lT was very close to unity. Both studies had wide confidence intervals for higher exposures because of the small numbers of subjects in these categories. However, the lack of association of risk with wire code categories in the study by Linet et al. was also evident in this study for both residence at diagnosis and residence 2 years before the diagnosis/ reference date. This is in contrast to earlier US studies that have reported an excess risk with residence at diagnosis.
As was noted above, analysis stratified by matching variables was conducted rather than an individually matched analysis because of its greater efficiency. Nevertheless, we conducted pair-matched analysis for the personal EMF measure taken at the diagnosis/ reference date and for wire code. The estimated odds ratios obtained using this method had wider confidence intervals than those in the main analysis, as expected, because of the loss of information from lost half-pairs. Some odds ratios were slightly higher than those from the stratified analyses, but patterns were no more indicative of statistically significant relations.
In summary, this investigation, which examined several measures of EMF, including personal exposures, offers little support for the hypothesis of an increased risk of childhood leukemia either from magnetic or electric fields or from residential power line configurations.
